Introduction

52
For land mammals, the foot is normally the first part of the body to touch the ground surface 53 at each step during locomotion, which is cyclically subjected to large transient ground The feet of digitigrade mammals, e.g. dogs and cats, are anatomically different from those of The objective of this study is to investigate the mechanical and structural characteristics of 94 digitigrades' paw pads at micro level using German shepherd dog (GSD) as an example model.
95
GSD is one of the most popular breeds of dog around the world, and is preferred for many 96 types of work, including disability assistance, search-and-rescue, police and military roles 97 because of their strength, locomotor capability and intelligence. Histological examination of 98 paw pad tissues was conducted using tissue staining and scanning electron microscopy (SEM) 99 methods. Micromechanical analysis based on finite element (FE) method was used to 100 investigate the effect of micro-structure on biomechanical functioning. We hypothesize that 101 the paw pad of digitigrades has multi-layer micro-structure as the heel pad of plantigrades,
102
and this multi-layer structure contributes to the superior cushioning capacity and also 103 structural integrity of the paw pads. 
124
The cubes and cuboids were washed in distilled water and then air dried. All the samples were 125 mounted on aluminium stubs and coated with gold palladium for observations (the cubes were 126 observed in the sagittal plane and the cuboids were observed in the transverse plane) with a 127 scanning electron microscope (EVO 18, Carl Zeiss Microscopy GmbH, Jena, Germany). 
.). 3D
142 tetrahedral elements were used for the mesh generation of the stratified epithelium structure 143 and the papillae, and hexahedral elements were used for the two plates. In total, 26266 144 elements were used for the whole model construction (see figure 1A) .
146
In this study, the stratified epithelium and dermal papillae were considered as homogeneous, To investigate the effect of the structured epidermis layer on the biomechanical functioning, 168 an uniform model was also constructed by assuming that the entire layer is composed of the 169 same homogeneous, isotropic and linear elastic material as that of the stratified epithelium.
170
The same dynamic FE simulation cases were also conducted for the uniform model by using mass is increased by about 38% in the structured model (see figure 5B) . Figure 7C shows the simulated peak vertical displacements at the top plates by both models
240
and Figure 7D also shows the peak displacement ratios between the two models at different 241 impact velocities. It can be seen that the peak vertical displacement increases with increased 242 impact velocity in both models, and higher peak displacement is generated by the structured 243 model. Similarly, the maximum von Mises stresses predicted by both models and also the 244 stress ratios between the two models at different impact velocities are shown in Figure 7E and GRFs and the vertical displacements almost increase linearly with increased impact velocity.
253
Softer dermal papilla material leads to lower slope in the peak vertical GRF curve, but results suggesting that this characteristic structure may be desirable for their quieter and faster 305 locomotion patterns.
307
The moderated GRF due to the cushioning function could lead to low mechanical stresses in 308 the footpad tissues. This is supported by our FE simulation results, which show that the peak and subcutaneous layers, and hence to maintain the structural integrity of the footpad.
324
In addition to the lowered GRF and tissue stress, the structured epidermis layer also results in 325 increased vertical displacement, due to the soft dermal papillae embedded in the cell units,
326
showing an rising tendency with increased impact velocity. This is generally undesirable We investigated the micro-structure of the paw pad of GSDs using SEM and histological 346 examination, and assessed the biomechanical functions of the honeycomb structured 347 epidermis layer by using dynamic FE analyses. It was found that this specially structured 348 layer is capable of effectively attenuating the ground impact across a range of impact velocity. We declare we have no competing interests. 
